T cell-mediated immune response to autoantigens in vitiligo. However, the antigen-specific T lymphocyte reactivity against the peptide epitopes is diverse among different world populations. This study aimed to identify the risk HLA-A allele in vitiligo and study CD8 + T cell reactivity to 5 autoantigenic peptides in Han Chinese populations, and to analyze the association of CD8 + T cell reactivity with disease characteristics.
Material/Methods:
The risk HLA-A allele was analyzed by case-control study. Enzyme linked immunospot (ELISPOT) assay was used to compare T cell reactivity to the 5 autoantigenic peptides between vitiligo patients and healthy controls, then we analyzed the association of CD8 + T cell reactivity to 2 positive peptides with disease activity and area of skin lesions.
Results:
The results indicated that the most frequent allele in the Han Chinese vitiligo patients was the HLA-A*02: 01 allele with a significantly higher frequency compared to controls (20.20% versus 13.79%, P=6.64×10 -5 ). The most frequently encountered epitopes were 2 gp100 modified peptides, IMDQVPFSV and YLEPGPVTV, whereas a weak T cell reactivity against tyrosinase and Melan-A/MART-1 were evaluated. Moreover, we demonstrated that T cell reactivity against the 2 positive peptides was significantly associated with disease characteristics including disease activity and area of skin lesions.
Conclusions:
Our findings showed that the HLA-A*02: 01 allele was the major risk HLA-A allele, and 2 gp100 modified peptides were identified as autoantigens and were found to be closely related to disease characteristics which might play a critical role in Han Chinese vitiligo patients.
Background
Vitiligo is a chronic depigmenting disorder caused by loss of functioning epidermal melanocytes [1] . The mechanism of melanocyte loss in vitiligo was not yet been precisely established.
Various theories have been suggested regarding its initiation, including genetic, immune, and environmental factors [2] [3] [4] . Moreover, the autoimmunity theory has been the leading hypothesis for causation and has been supported by the clinical association of vitiligo with several other autoimmune disorders such as rheumatoid arthritis, psoriasis, and systemic lupus erythematosus [1] .
In vitiligo, cytotoxic T cells infiltrating into the perilesional margin are suspected to be involved in the pathogenesis of the disease [1] . Melanocyte antigen-specific T cells are present in perilesional vitiligo skin, and are proven to be capable of killing melanocytes in vitro [5] . Upon melanocyte antigen-specific stimulation, the perilesional CD8 + T cells are activated [5] . Although the association between vitiligo and autoimmune reactions has not been fully explained, many melanocytesexpressing proteins have been identified as autoantigens [1] . Cui et al. showed that 24 out of 29 vitiligo patients (83%) had autoantibodies to melanocytes-associated autoantigen versus 2 out of 28 healthy controls (7%) [6] . So far, various proteins have been detected as autoantigens in vitiligo, including tyrosinase [7] [8] [9] , tyrosinase-related protein 1 [10, 11] , tyrosinase-related protein 2 [12, 13] , Pmel17 (gp100) [14, 15] , tyrosine hydroxylase [16] , lamin A [17] , and MART-1 [18] . A number of studies have demonstrated that specific cellular immune response is mainly directed against the melanin synthesis related protein tyrosinase, gp100, and MART-1 [1] . However, T cell reactivity differed against different peptide epitopes, and conflicting results have been found in previous studies for T cell responses to the same epitopes [19] [20] [21] . It still remains unclear whether the autoantigens identified in Caucasians play a critical role in Han Chinese populations.
While the strongest genetic associations of vitiligo is the major histocompatibility complex (MHC), the specific associated MHC loci and alleles are diverse among different world populations [22] . In this study, we analyzed the risk HLA-A allele in a case-control study in the Han Chinese populations and compared T cell reactivity to 5 autoantigenic peptides, comparing vitiligo patients and healthy controls. As Mandelcorn-Monson et al. claimed, if the dominant epitopes that mediate vitiligo are identified, it would be possible to design therapies to treat this disease with antagonist peptide ligands that could block specific T cell responses [20] . Therefore, our study will deepen our understanding of autoimmunity in vitiligo etiology and shed new light on the immune therapy for vitiligo patients.
Material and Methods

Study participants
Study participants consisted of 255 vitiligo patients (generalized vitiligo) enlisted from the Department of Dermatology, Xijing Hospital, Fourth Military Medical University. All materials from patients and healthy controls were collected after obtaining informed consent and approval by the ethics review board of the Fourth Military Medical University. In all, 42 HLA-A*02: 01 positive vitiligo patients and 32 healthy controls were included in the ELISPOT assay. Following informed consent, information of patients' characteristics, family history, disease activity, and area of the skin lesions were collected mainly by questionnaire. The selected vitiligo patients in this study did not have any systemic treatment (including immunosuppressive therapy or phototherapy) during at least 3 months, as described in our previous research [23] .
The disease activity classification of vitiligo was based on case history as described in our previous study [24, 25] . Patients without obvious progressive during the last 3 months were classified as stable vitiligo disease, patients with rapidly increase of lesion during the last 3 months were classified as actively progressive. Among the 42 HLA-A*02: 01 positive vitiligo patients, there were 20 cases of stable vitiligo and 22 cases of actively progressive vitiligo. There were no patients with the other autoimmune disease (Table 1) .
HLA typing and PBMCs preparation
We drew 1 mL fresh blood samples from vitiligo patients and used the samples to extract Genomic DNA. The specific operation was performed using the Blood Genomic DNA Extraction kit (Tiangen Biotech, Beijing, China) according to the kit description. We used 1% agarose gel electrophoresis to detect and assure DNA quality. Qualified DNA samples were provided to Songon Biotech Company (Shanghai, China) and HLA genotyping were performed using PCR-SBT.
We collected 25 mL to 30 mL heparinized blood samples and used the samples to isolate peripheral blood mononuclear cells (PBMCs). The isolations of PBMCs were performed by Ficoll gradient centrifugation (Dakewe, Beijing, China) as described in our previous study [23] . Red Blood Cell Lysis Buffer was used to resuspend PBMCs and remove the red blood cells. Hank's balanced salt solution (Gibco, USA) was used to wash the PBMCs. And then the PBMCs were plated in RPMI-1640 medium (Gibco, USA) or frozen in cell freezing medium containing 10% dimethyl sulfoxide (Sigma, USA) until needed for further experiments.
Peptide synthesis
The 5 HLA-A2-restricted peptides used in the ELISPOT assays are shown in Table 2 : gp100 protein: 209-217.2M (IMDQVPFSV) and 280-288.9V (YLEPGPVTV) [26] ; MelanA/MART-1: 26-35.2L (ELAGIGILTV) [27] and 26-35 (EAAGIGILTV) [28, 29] ; and tyrosinase: 369-377.3D (YMDGTMSQV) [30] ; CD3 as a positive control, and HIV Gag: 77-85 (SLYNTVATL) as irrelevant control [31] . All the peptides which were used in the experiment were synthesized and provided by Sangon Biotech Company (Shanghai, China).
ELISPOT assays
ELISPOT assays were performed as described in our previous study [23] . PBMCs were unfrozen, washed, and incubated overnight in DAYOU medium (Dakewe, Beijing, China) at 37°C in 5% CO 2 . The IFN-g ELISPOT plates (ELISpotPRO for human IFN-g, Mabtech, Stockholm, Sweden) enveloped with IFN-g were washed 5 times with PBS, and then 2×10 5 PBMCs were added to the IFN-g ELISPOT plate. Then the 2 modified gp100 peptides (209-217.2M and 280-288.9V, 10 µg/mL), MelanA/ MART-1peptides (26-35, 10 µg/mL), modified MelanA/MART1peptides (26V35.2L, 10 µg/mL), and modified tyrosinase peptide (369-377.3D, 10 µg/mL) were added to the ELISPOT plate. CD3 (1: 1000) antibody served as positive control, and HIV Gag: 77-85 (SLYNTVATL) as irrelevant control. Plates were developed 48 hours later at 37°C in 5% CO 2 . Cells were discarded, and plates were washed 5 times with PBS. Biotinylated anti-IFN-g antibody (1 μg/mL) was added to the plates to detect captured IFN-g 100 μL. After incubating for 2 hours at room temperature, the plates were washed 5 times with PBS, followed by addition of phosphatase substrate solution BCIP/ NBT-plus. The tap water was used to stop the reaction until distinct spots appeared. The blue spots were counted using an ELISPOT Image Analyzer and software (Cell Technology Inc., Jessup, MD, USA). The spot forming cells (SFC) were defined as described in our previous research [23] as SFC=experimental group-irrelevant control group.
Statistical testing
Chi-squared test was used to compare the allele frequency distributions in vitiligo patients and healthy controls and analyzed 
Results
The HLA-A*02: 01 was a risk HLA-A allele in Han Chinese vitiligo patients
The study consisted of 255 patients with generalized vitiligo and 106 89 healthy controls in Han Chinese populations. The data of 10 689 controls was derived from the study by Zhang X et al. [32] . As shown in Figure 1, The results demonstrated that the immunodominant epitopes were 2 gp100 modified peptides: gp100 209-217,2M (IMDQVPFSV) and gp100 280-288,9V (YLEPGPVTV). As shown in Figure 2 , PBMCs isolated from vitiligo patients showed significantly stronger reactivity to immunodominant epitopes than the healthy controls (P<0.01). Meanwhile, 6 out of 42 patients showed reactivity to gp100 280-288.9V, with spots more than 100 per 2×10 5 cells. Furthermore, only 1 patient demonstrated no reactivity against the gp100 280-288.9V (YLEPGPVTV), and 3 out of 42 patients showed no reactivity to gp100 209-217.2M (IMDQVPFSV).
Weak reactivity of peptide specific response to tyrosinase and Melan-A/MART-1
Previous studies demonstrated that the reactivity of antigenspecific CD8 + T cells to tyrosinase and MelanA/MART-1 peptides were controversial [20, 21] Figure 2 ). These results indicated that there was a weak reactivity of peptide specific response to tyrosinase and Melan-A/MART-1.
The CD8
+ T cell reactivity to 2 modified gp100 peptides was associated with disease characteristics In order to test whether there was a correlation between disease activity and CD8 + T cell reactivity to 2 modified gp100 peptides, we compared the reactivity of PBMCs between stable and Figure 3A , 3B). These results indicated that the CD8 + T cell reactivity to 2 modified gp100 peptides were associated with disease activity. Furthermore, to determine whether the T cell reactivity to 2 modified gp100 peptides was associated with the area of skin lesions, we next compared the PBMCs reactivity between vitiligo patients with the area of skin lesions less than 5% and more than 5%. As shown in Figure 3 , compared with more than 5% skin lesions, there was significantly stronger reactivity of vitiligo patients with less than 5% skin lesions against 2 modified gp100 peptides (P<0.05 and P<0.05 respectively). Altogether, the results demonstrated that the CD8 + T cell reactivity to 2 modified gp100 peptides was significantly correlated with the area of skin lesions.
Discussion
Previous studies indicated that HLA-A*02 subtype was associated with vitiligo [33] . This HLA-A*02 subtype was widely expressed in 35-45% of the USA population [34] . In this study [22] . Moreover, Jin et al. reported that MHC class I association derived from HLA-A, specifically HLA-A*02: 01, in European-derived white vitiligo patients [3, 36] . This indicates that the specific associated MHC loci and alleles are diverse among different world populations.
A lot of studies have supported the concept that the destruction of melanocytes was due to the autoimmune reaction in progressive vitiligo [1] . Moreover, candidate antigens to be targeted by T cells in vitiligo were from melanoma research. Most T cells infiltrating in melanoma could respond to melanocyte differentiation antigens that are also expressed in normal melanocytes, including tyrosinase, gp100, MelanA/MART-1, TRP-2, and TRP-1 [37] . However, different studies have reported conflicting results due to the differences of area distribution of the patients, progression of disease, and HLA-A sites. Inconsistent conclusions were obtained regarding the role of melanocyteassociated autoantigen in vitiligo, especially the tyrosinase and Melan-A/MART-1 [20] . In our study, we evaluated T cell reactivity to 5 autoantigenic peptides from tyrosinase, gp100, and MelanA/MART-1 that have been confirmed in Caucasians in HLA-A2-positive patients with vitiligo. It was indicated that the most frequent immunodominant epitopes were 2 gp100 
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modified peptides: gp100 209-217,2M (IMDQVPFSV) and gp100 280-288,9V (YLEPGPVTV). This was consistent with a previous study by Rochelle et al., which showed that antigen-specific T lymphocyte reactivity against gp100 peptides 209.2m/280.9v was detected in 15 out of 17 (88%) patients [20] . Our findings in a larger sample size of 36 out of 42 patients (85.7%,) indicated a significant association between CD8 + T lymphocyte reactivity against modified gp100 and vitiligo. Parkhurst et al. showed that modification of either the gp100 epitopes 209 to 217 or 280 to 288, via substituting amino acids at the primary anchor residues for peptide/MHC binding, could improve MHC binding affinity and enhance CD8 + T cell specific responses [26] .
Gp100, a melanocyte-specific expressing protein, plays a critical role for melanogenesis in melanocytes and melanoma cells [21] . In this study, we found a positive correlation between vitiligo disease activity and reactivity to gp100. There was a significantly stronger T cell reactivity of active vitiligo patients to both gp100 209-217.2M (IMDQVPFSV) (P<0.05) and gp100 280-288.9V (YLEPGPVTV) (P<0.01) than stable patients. This finding supported the viewpoint that a significant association was demonstrated between T cell reactivity against gp100 peptides and disease activity by Lang et al. [21] and Rochelle et al. [20] . We next noted that there was a positive association between the area of skin lesions and T cell reactivity against 2 modified gp100 peptide. This demonstrated that there was a significantly stronger T cell reactivity to modified gp100 peptides in vitiligo patients with less than 5% involved skin area than vitiligo patients with more than 5% involved skin area (P<0.05). To sum up, these results demonstrated the gp100-specific T cells played a pathogenic role in vitiligo, and (B) The significantly stronger reactivity was detected against the gp100 280-288.9V (YLEPGPVTV) in active vitiligo patients than stable patients (**P<0.01). (C) There was significantly stronger CD8 + T cell reactivity against gp100 209-217.2M (IMDQVPFSV) in vitiligo patients with less than 5% skin lesions than vitiligo patients with more than 5% skin lesions (* P<0.05). (D) Vitiligo patients with skin lesions of less than 5% encountered significantly stronger reactivity against the gp100 280-288.9V (YLEPGPVTV) than vitiligo patients with more than 5% skin lesions (* P<0.05). Non-parametric student's t-test. 
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CD8
+ T cell reactivity to gp100 peptides was significantly associated with disease characteristics.
Previous studies demonstrated that the reactivity of antigenspecific CD8 + T cells to MelanA/MART-1 and tyrosinase peptides were controversial. Palermo et al. showed plenty of both MelanA/MART-1 and tyrosinase-specific T cells from PBMCs of HLA-A2-positive vitiligo patients were stained using HLAmelanocyte peptide tetramersin in vitro [38] . On the contrary, Rochelle et al. showed that reactivity to both MelanA/MART-1 and tyrosinase peptides might be found at low levels and in a small group of their patients (28%) [20] . In our study, several patients showed low and no reactivity against MelanA/ MART-1 and tyrosinase peptides, indicating that that there was weak reactivity of peptide specific response to tyrosinase and Melan-A/MART-1. The controversy between our findings and previous studies may at least partly be explained by different antigen-specific T lymphocyte reactivity to the peptide epitopes among different world populations.
A number of studies indicated that CD8 + T cells specific for melanocyte antigens, including MelanA/MART-1, gp100, and tyrosinase, had been detected in the peripheral blood and perilesional skin of patients with vitiligo [5, 20, 38] . Although there has been little report about directly using epitope peptides for vitiligo treatment, Mandelcorn-Monson et al. considered that it was possible to treat vitiligo with antagonist peptide ligands that could block specific T cell responses [20] . Besides, in a multiple sclerosis (EAE) mouse model, Casares et al. showed that systemic delivery of nanoparticles coated with autoimmune-disease-relevant peptides bound to MHC II molecules could trigger antigen-specific regulatory CD4 + T cell type 1-like cells, further leading to resolution of established autoimmune phenomena [39] . Thus, our study may provide new clues for vitiligo immunotherapy in the future.
Conclusions
Our findings showed that HLA-A*02: 01 allele was the major risk HLA-A allele, and 2 gp100 modified peptides were identified as autoantigens and closely related to disease characteristics which may play a critical role in Han Chinese vitiligo patients. Our study supported that autoantigens mediated T cell immune response to melanocytes played a key role in the pathogenesis of vitiligo.
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